r 



Title: A MOSFET WITH A THIN 

GATE INSULATING FILM 
Inventor(s): Hisayo MOMOSE et al 
DOCKET NO.: 016887-1094 



FIG. 1 

Q 



(n) S 



(P) . 



G Id2 



Id1 



VP (n) | 



-Tox 



Xj 



6 
1 



Lgtc>ldal/Lg* 1 . . . . 2 
IgaLg f ) L 9/LdxLg2, 



CO 
■ 

e 



O 1Q20 



cc 



o 1 0 19 



o 
o 



FIG. 2 



1 r 



SIMS 
PSG 
1000°C10SEC 






Ps(kQ/a) 


HF 
DIP 


WITH 


1.4 


WITHOUT 


6.2 



WITH 
HF DIP 



10 20 30 .40 
DEPTH xj(nm) OF 
SOURCE/DRAIN 



CONCENTRATION PROFILE TO 
DIFFUSION DEPTH AT SOURCE/DRAIN REGION 



Title: A MOSFET WITH A THIN 

GATE INSULATING FILM 
Inventor(s). Hisayo MOMOSE et al 
DOCKET NO.: 016887-1094 



FIG. 3 




DEPENDANCE OF 

TRANS- 
" CONDUCTANCE 
DEGRADATION 
UPON GATE 
OXIDE FILM 
THICKNESS 

. STRESS 
CONDITION 

Vd=2.5V 
Isubmax 
11000 sec 
UNDER HOT 
CARRIER 
STRESS 
W=10nm 



Title: A MOSFET WITH A THIN 

GATE INSULATING FILM 
Inventor(s): Hisayo MOMOSE et al 
DOCKET NO.: 016887-1094 



FIG. 4 



DEPENDANCE OF 
TUNNELING GATE 
- CURRENT lg UPON 
GATE LENGTH Lg 
W=10^im 


Tox= 
1.5nm 




/ Tox= 
/ 1.8nm 


1 1 1 — i.t 1 1 mr^ +^ 


i — i — i t 1 1 1 



0.01 0.1 0.3 1.0 

Lg ( urn) 



FIG. 5 



12 



10 



T 1 1 I I I I I I 



I I I I I I I I 

Vg = 1 .5+Vth(V) 
Vd = 1.5(V) . 



8h DEPENDANCE OF 
DRAIN CURRENT l d Q 

UPON GATE LENGTH Lg 



Tox(nm) 
— 1.5 
1.8 

— o— 3.0 




xj(nm) 

30 
30 
12 



~o - 



J I ' I I I I I I 



J I ' I I I I I 



0.01 



0.1 0.3 
Lg ( jim) 



Title: A MOSFET WITH A THIN 

GATE INSULATING FILM 
Inventor(s): Hisayo MOMOSE et al 
DOCKET NO.: 016887-1094 



FIG. 6 



10- 5 

10" 6 

10-7 

10 
10-9 



- 21 m-8 



10-10 



: • 1 1 1 1 1 1 1 


i i i . i i i 1 1 n 


- Tox(nm) xj(nm) j : 


• 1.5 


30 i 




30 ; S ] 


' DEPENDANCEOF 




[TUNNELING GATE 




: CURRENT lg UPON, 




• GATE LENGTH Lg^ 






Vd = 1.5(V) 1 


1 — i — i — i_i 1 1 1 


Vg = 1.5+Vth(V) : 

4 '. 1 i i iiiii 



0.01 



0.1 0.3 
Lg(MJTi) 



1000 



CO 

E. 
E 



100 
0.01 



FIG. 7 



I — i — i i 1 1 1 1 1 



i — i — iiiii 




j — ' i iiiii 



DEPENDANCEOF 
- TRANSCONDUCTANCE gm 
■ UPON GATE LENGTH Lg 



0.1 0.3 
Lg ( [xm) 



Title: A MOSFET WITH A THIN 

GATE INSULATING FILM 
Inventor(s): Hisayo MOMOSE et al 
DOCKET NO.: 016887-1094 



x 

CO 



CO 



LU 
DZ 

az 

ZD 

o 

LU 

DC 
I — 
CO 

m 

CO 



FIG. 8A 



10- 



J2 10" 7 : 



10 



,-8 



10-9 
0 



1 1 — i — i i i i 1 1 1 1 — i — m — r 

w , * CA/ , DEPENDANCE OF MAX ! 
Vd = 1 .5(V) SUBSTRATE CURRENT : 

Isubmax UPON GATE 
LENGTH Lg 



1.5 
1.8 

... 0 -_. 3>0 



01 




Tox(nm) xj(nm) \ 



30 
30 
12 



j ■ ■ ■ t ■ ■ ■ 



0.1 
Lg(Lim) 



J i i iOi 



0.3 



FIG. 8B 



10" 



X 
CO 

E 

13 

h- 10" 7 

LU 
CO 
CO 
ZD 
O 
LU 



CO 

I— 

CO 
CO 
ZD 
CO 



: GATE WIDTH W=10Lim 

Lg=0.09iim r\ Tox=1.5nm 

xj=30nm 




10 



,-8 



10-9 



Lg= 

O.OVm/^Q 




Tox=3nm 
xj=12nm 



0.0 



// 0.1 7\im 
_J L_ 



1.0 



GATE VOLTAGE Vg (V) 



Title: A MOSFET WITH A THIN 
GATE INSULATING FILM 
Inventor(s): Hisayo MOMOSE et al 
DOCKET NO.: 016887-1094 



FIG. 9 



100 

80 

60 

40 

20 
0 



T 1 1 I I I I I I 1 1 1 I I I I I 

Tox(nm) xj(nm) 



DEPENDANCE 
I- OF IMPACT 
IONIZATION 
RATIO UPON 
LGATE LENGTH 

Lg 

Q 



Vd = 1.5(V) 
@ Isubmax 



0.01 




' t i t i i i 



0.1 0.3 
Lg ( urn) 



FIG. 10 



10-2 
10' 3 
10-4 

10" 5 

10' 6 
10-7 
10 



TTTTTT 


-T 1 


1 


r * ^ 


* 

» 

* 

0 

* 


* 

* 

* 

> 


: Tox = 1 .5nm 
~ r Lg = 0.14um 
| xj = 30nm 

* 

* 

* 

4 

— * 


1 * 
1 * 

* 

* 

^ ^^^^ 

/ lg/ld 




* 

z * 
* 

- * 
t 

* 

- # 
* 

Z / _^ 






1 1 1 ! _L 


I — I 


.1 



0.3 



0.5 



1 



1 



Vd = Vg (V) 

DEPENDANCE OF CURRENT Ig 
AND Id UPON SUPPLY VOLTAGE Vd = Vg 



Title: A MOSFET WITH A THIN 

GATE INSULATING FILM 
Inventor(s): Hisayo MOMOSE et al 
DOCKET NO.: 016887-1094 



FIG. 11 



10-2p 



10"3r 



10-4 



10-5 



Lg = 0.14^m 
Left = 0.1 0|xm 
Tox = 1 ;5nm 

= Lg = 0.10nm 
: Left = 0.05nm 
I Tox - 3.0nm 
_ Xj = 45nm 




W = 10|^m 



-Leff = 0.12nm 
Tox = 3.5n.m = 

/ DEPENDANCEOF = 
DRAIN CURRENT Id I 
UPON GATE VOLTAGE- 
Vg . 



0 0.1 0.2 0.3 0.4 0.5 0.6 
Vd = Vg (V) 



FIG. 12 



2.0X10- 4 



1.5x10-4 



1.0x10-4 



5.0x10-5 



I I I 1 | I I I I | I I I I | I I I I | I I I 

I DEPENDANCEOF 
- Ig/ld UPON SUPPLY 
VOLTAGE Vd = Vg 




UlUXiU 0 0.5 1 1.5 2 2.5 

Vd = Vg (V) 



Title: A MOSFET WITH A THIN 

GATE INSULATING FILM 
Inventor(s): Hisayo MOMOSE et al. 
DOCKET NO.: 016887-1094 



FIG. 13A 



Id 

(mA) 




Vd(V) 1 - 5 
DEPENDANCE OF Id/Vd 
UPON GATE VOLTAGE Vg 



FIG. 13B 



Id 
(mA) 



25 
2.5/div 



- Lq = QJium A/ 
(INVENTION) ( ^^ v) 



Vg=2.0V, 
1.5 




Vd (V) 
DEPENDANCE OF Id/Vd 
UPON GATE VOLTAGE Vg 



1.5 



FIG. 13C 



25 

,_, 2.5/div 
Id 

(mA) 



Lq = 0.09 Lim 1.4mA/um 

^INVENTION) (Vg=Vd=1 .5V) 

Vg=2.0V 
1.5 




Vd(V) 1 - 5 
DEPENDANCE OF Id/Vd 
UPON GATE VOLTAGE Vg 



Title: A MOSFET WITH A THIN 

GATE INSULATING FILM 
Inventor(s): Hisayo MOMOSE et al. 
DOCKET NO.: 016887-1094 



FIG. 14A 



en 

LU 

. o 

<C I — 



1 

0.1/div 



h La='1Qum 
I (CONVENTIONAL) 



o 
o 



Vd=1.5V 



-1.0 0 2.0 

Vg(V) 

DEPENDANCE OFTRANSCONDUCTANCE 
gm UPON GATE VOLTAGE 



FIG. 14B 



E 10 

UJ 

ob^ 1-0/div 
So 



ILgEQJiH-m (INVENTION) 



o 
o 



V| / Gm(PEAKT 
= 1 - 5 , v / =857mS/mm 

0.05V 



0 0 2.0 

Vg (V) 

DEPENDANCE OF TRANSCONDUCTANCE 
gm UPON GATE VOLTAGE 



FIG. 14C 




.0 0 

vg (V) 

DEPENDANCE OF TRANSCONDUCTANCE 
gm UPON GATE VOLTAGE 



Title: A MOSFET WITH A THIN 

GATE INSULATING FILM 
Inventor(s): Hisayo MOMOSE et al. 
DOCKET NO.: 016887-1094 



FIG. 15A 



Id 

(mA) 2.500 

.2500 
/div 



.0000 



. Lg=0.14|j.m 


0.20mA/(Am 


- Leff=0.10p.m 


(Vg=Vd=0.5Vk 


- Tox=1 .5nm 


- xj=30nm 


^-^"VgSIw 








0.3V 


~~ 0.2V 

: — CT.1V 



.0000 



Vd(mV) 



500.0 



FIG. 15B 




o to o m oioo 
^ o o o i~ c\i 

Vg(V) 

FIG. 15C 




q loo to cd Ln o 
do o ^ ^ c\i 



Vg(V) 



FIG. 15D 

(PRIOR ART) 



Id 

(mA) 



2.500 

.2500 
/div 



.0000 



Lg=0.10|a,m 
Leff=0.05nm 
Tox=3.0nm 
xj=45nm 



0.07mA/^m 
(Vg=Vd=0.5V) 




.0000 



Vd(mV) 



500.0 



FIG. 15E 

(PRIOR ART) 




^ 1000 
1 800 

co 600 
>§• 400 
§> 200 

Q 



O LO o m O LO o 

a a • - • • _ • 

CD CD O t- CM 

' ■ Vg(V) 

FIG. 15F 

(PRIOR ART) 



L Vd=0.5V 
302mS/mm 




o to o to qinq 
t— ' o o <o -i— : cJ 



Vg(V) 



Title: A MOSFET WITH A THIN 

GATE INSULATING FILM 
Inventor(s): Hisayo MOMOSE et al. 
DOCKET NO.: 016887-1094 




Title: A MOSFET WITH A THIN 

GATE INSULATING FILM 
Inventor(s): Hisayo MOMOSE et al. 
DOCKET NO.: 016887-1094 



FIG. 17 



100 



I I I I I 1 — 

STRESS 
Vd=2.5V 
©Isubmax 



T — I I I I | 



~l 1 — I I I I 



gm DEGRADATION 
CHARACTERISTICS 

Lg=0.10|nm :: § 



E 

CD 



10 



Tox=3.0nm 
xj=12nm^::^---- Lg=0.17fim 



Tox=1 .5nm 
xj=30nm 



Lg=0.09|am 




Lg=0.14p.m 



i i l f 1 



10 



1 I l 1 1 



i i 



■LL 



100 



1000 



STRESS TIME (SEC) 



Title: A MOSFET WITH A THIN 
GATE INSULATING FILM 
Inventor(s): Hisayo MOMOSE et al. 
DOCKET NO.: 016887-1094 



FIG. 18A 




^SEMICONDUCTOR DEVICE 
BY INVENTION 




FIG. 18B 











SEMICONDUCTOR DEVICE 
FORMING AREA BY 
PRIOR ART 



SEMICONDUCTOR 
DEVICE FORMING AREA 
BY INVENTION 



FIG. 18C 




INNER AREA 
(SEMICONDUCTOR 
DEVICE FORMING 
AREA BY PRIOR ART) 



OUTER AREA 
(SEMICONDUCTOR DEVICE 
FORMING AREA BY 
INVENTION) 



Title: A MOSFET WITH A THIN 

GATE INSULATING FILM 
Inventor(s): Hisayo MOMOSE et al. 
DOCKET NO.: 016887-1094 



FIG. 19 




VZ CMON 
/// TRANSISTOR 
yy, AREA 



BIPOLAR 
TRANSISTOR 
AREA 



FIG. 20 



1200 
1000 
800 

600 
400 
200 



MAXIMUM TRANSCONDUCTANCE 
gm (PEAK) 

1010mS/mm 



2.0V 



1.5V- 



860mS/mm 



1.0V 



/> 



DRAIN VOLTAGE 
Vd=0.5V 



-0.5 



0.5 



1 



1.5 



GATE VOLTAGE Vg (V) 



Title: A MOSFET WITH A THIN 

GATE INSULATING FILM 
Inventor(s): Hisayo MOMOSE et al. 
DOCKET NO.: 016887-1094 



FIG. 21 



CO 

E, 
E 

CD 
UJ 
O 

Q 

O 
O 
CO 

<c 
cc 



1000 



500 



0.09nm MOS 



200 



100 




Tox=1 .5nm 



0.1 Vm MOS 

r> LOWER POWER 
\ \ CONSUMPTION 

0.4{xm MOS 



HIGHER 
SPEED 
0 



0.5 1.0 1.5 2.5 3.3 

SUPPLY VOLTAGE V DD (V) 



o 10 -6 



FIG. 22 




0.5 1 1.5 3.3 
SUPPLY VOLTAGE V D d(V) 



10 



Title: A MOSFET WITH A THIN 

GATE INSULATING FILM 
Inventor(s): Hisayo MOMOSE et al. 
DOCKET NO.: 016887-1094 



FIG. 23 




GATE LENGTH Lg (|xm) 



Title: A MOSFET WITH A THIN 

GATE INSULATING FILM 
Inventor(s): Hisayo MOMOSE et al. 
DOCKET NO.: 016887-1094 



FIG. 24A 




0 -0.5 -1.0 " -1.5 



DRAIN VOLTAGE Vd(V) 



FIG. 24B 




GATE VOLTAGE Vg (V) 



Title: A MOSFET WITH A THIN 

GATE INSULATING FILM 
Inventor(s): Hisayo MOMOSE et al. 
DOCKET NO.: 016887-1094 

FIG. 25A 

POWER CONSUMPTION 

DETERMINED BY CIIDDIVUniTSPC 
CHARGE/DISCHARGE 0.09 SUPPLY VOLTAGE 
-yM-m.. 3.5V 

W" --1.5V 
"*_'.-• 1.0V 

"' ... 0.5V 




-I 1 1 I I I I ll 



t 1.0V - 
Vdd=1.5V = 



J 1 1 inn 



POWER CONSUMPTION 
DETERMINED BY 
SUB-THRESHOLD 

LEAKAGE COMPONENT 



1 



10 



CLOCK FREQUENCY f (ANY UNIT) 



100 
10 
1 

100m 
10m 

1m 



FIG. 25B 



i i 1 1 ii 1 — i — i i i 



Tox=1 .5nm 




■j — i — ' 1 1 1 1 ii 1 i ■ . . . . . 



GATE LEAKAGE 
^CURRENT COMPONENT 



0.1 1 10 

CLOCK FREQUENCY f (ANY UNIT) 



Title: A MOSFET WITH A THIN 
GATE INSULATING FILM 
Inventor(s): Hisayo MOMOSE et al. 
DOCKET NO.: 016887-1094 




Title: A MOSFET WITH A THIN 



GATE INSULATING FILM 
mventor^sj. riisayo iviuiviuoC/ ei di. 
DOCKET NO.: 016887-1094 




FIG 27A 




1.5nm .^^^ — ~ 
- /^\/^2.5nm / 


J 9nm / 


/ / / 6nm / 




V 3.8nm^-_/ y 




t MOS-CAPACITOR / / 

1 , ./ i / . 


/ Tox= 

/ 12nm 
— i 1, 



1 1— 1 lZ. L-Z— i / t ■ 

0 10 20 



vg (V) 



FIG. 27B 



1 .5nm 






^1.8nm 




Tox=2.5nm 




MOS-CAPACITOR 


1 1 


110jj,mX100M.m 
— i 1 1 i i i ■ 



0 1 2 3 4 5 



Vg (V) 



Title: A MOSFET WITH A THIN 

GATE INSULATING FILM 
Inventor(s): Hisayo MOMOSE et al. 
DOCKET NO.: 016887-1094 




Title: A MOSFET WITH A THIN 

GATE INSULATING FILM 
Inventor(s): Hisayo MOMOSE et al. 
DOCKET NO.: 016887-1094 



FIG. 30A FIG. 30B 




